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Title; IN-GROUWD BARRIER 

This Invention relates to the provision o£ a barrier that 
comprises plle-drlven elements. 

BACKGROUND TO THE ZNVBNTZOH 

It Is a well establlshea practice to provide Interlocking 
elements that may be plle-drlven Into the ground, for 
example along a river bank, to prevent the bank from 
crumbling, and collapsing Into the river. 

The elements of these conventional barriers comprise lengths 
of steel sheet material, the cross-sectional shape of which 
is produced by rolling the sheet between rollers. The 
cross-sectional shape of the element generally Includes 
changes of plane^ so that the element Is resistant against 
buckling. The cross-sectional shape Is generally also 
provided, along the edges of the element, with hook-like 
formations, whereby the element may Interlock with adjacent 
elements. 

Such barriers have not hitherto been waterproof. In that the 
hook-like formations have permitted a leakage flow of water 
to take place through the assembled barrier. Previous 
proposals for designing waterproof barriers are shown in 
EP-0129275 (CORTLEVBR, 27-Dec-84); GB-1301320 (NEDBRHORST, 
29-Dec-72); and GB-0518727 (DALRYMPLB-HAY, 6-Mar-40). Other 
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relevant publicatlona from the art of plle-*driven barriers 
Include WO-86/05532 (PROPILAPROID^ 25-Sep-86); GB-1427060 
(SOLVAYr 3-Mar-76); GB-0640335 (WILLIAMSON, 19-July-50); and 
GB-020e022 (KOHLER, 13-Dec-23). 

The above designs have not proved efficacious, primarily on 
the ground of relalblllty of the seal, and also cost. If a 
spill of a groundwater contaminant Is made, and If It Is 
determined that the spill must be contained behind a 
waterproof barrier, the expense can be enormous. Often, a 
barrier will comprise four plane walls, joined at the 
corners to make a rectangle, and thus the barrier will 
surround the zone of pollution, and fence It In. Sometimes, 
the barrier may not need to form a complete enclosure around 
the contaminant — where, for example, the requirement may 
simply be to divert a flow of polluted groundwater away from 
a well. 

The Invention Is aimed at providing a barrier which can be 
rendered reliably waterproof In a less expensive manner than 
has been possible hitherto, from the standpoints both of 
materials cost and of Installation cost, yet which Is 
reliable and effective. 

Apart from low cost, other alms of the Invention are as 
follows: to reduce the disturbance of land during 
Installation; to reduce shifting of the soli, which might be 
damaging to surrounding buildings; to reduce Installation 
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time; and to reduce the amount of heavy construction 
equipment needed. 

It is recognized that it is not practicable to apply a 
sealing material to the element/ prior to the element being 
driven into the ground. Even if the act of pile-driving the 
element does not actually damage the sealing mater la 1^ the 
risk of such damage is high, and the engineer would not dare 
to take the chance since the cost of repairing a leaky 
barrier can be enormous. On the other hand, it has been 
perceived as very difficult to apply a sealant to the Joints 
between elements once the elements have been driven into the 
ground. 

BASIC FEATURES OF THE INVENTION 

The elements of the barrier are provided with interlocking 
and Inter-engaglng edge forms. In the Invention, these edge 
forms are so arranged that when the elements have been 
driven into place, the fact of the inter-engagement causes a 
hole to be created, being a hole that leads down from the 
ground surface to the bottom of the element. In the 
invention, the soil or other material that enters this hole 
when the elements are driven into the ground may be flushed 
out by means of a hose or pipe Inserted Into the hole, and 
the hole may then be filled with sealant material. 

The edge forms are so arranged that, when sealant Is 
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injected Into the hole, any potential leak paths running 
through the barrier from front to back are sealed off by 
means of the sealant. To this end^ the design of the edge 
forms Is such that the inouth of each leak path opens into 
the hole, so that sealant present in the hole nay enter, and 
seal off, each leak path. 

Consequently, the material that encircles the hole must come 
from both elements, ie: in the invention, the circumference 
of the hole cannot be formed entirely from the material of 
one element, but rather the two inter -engaging elements each 
must supply a portion of the material of the composite 
circumference of the hole. 

It is recognized in the invention that the hole must remain 
the same shape and size during and after driving. If the 
hole were to close up. It would not be possible to insert 
the flush-out hose, nor to Insert the sealant Injection 
tube. Similarly, If the hole were to open out, either the 
hole might fill with soli, or the sealant might not be able 
to completely fill the hole. 

A means Is therefore provided for constraining the hole to a 
uniform size and shape. Preferably, the means Is created 
simply by virtue of the manner In whlch'the edge forms 
Inter-engage, so that the means costs substantially nothing. 

In the prior art, when a waterproof barrier has been needed. 
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it has been known to excavate a trenchr and to fill the 
trench with, for example, a eoll-clay slurry. The sheet 
piling elements are driven down Into and through this 
slurry, and the slurry then acts as the waterproof seal. 

The invention is aimed at making it possible to achieve a 
corresponding reliability of water tightness, without the 
necessity for such measures as prior excavation. In the 
invention, the intention is that the piling elements may be 
reliably sealed, even though driven down into earth material 
that has not previously been excavated. 

In the Invention^ the Inter-engagement of the edge forms has 
the effect not only that the barrier may easily be rendered 
leakproof; it is recognised also that the barrier of the 
invention Is Just as readily usable in a barrier that has no 
need to be made leakproof. Furthermore, It is possible, 
with most embodiments of the barrier of the invention, to 
make a non-leakproof barrier leakproof at a later date, 
especially if precautions are taken to keep the holes open. 

In the Invention,, the Junior edge form is provided at its 
foot with a scraper. As stated, one portion of the 
con5)osite circumference of the hole is formed by the senior 
edge form, and the remainder of the circumference Is formed 
by the Junior edge form: each edge form therefore Itself 
does not form a complete enclosure, but must Include a 
respective gap. In the invention, dirt and soil present 
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inside the senior edge form, after driving. Is deflected out 
of the gap In the senior edge form by the scraper at the 
foot of the Junior edge form. 



DETAILED DESCRIPTION OP PREFERRED EMBODIMENT 

By way oE further explanation of the Invention, an exemplary 
embodiment of the Invention will now be described with 
reference to the accompanying drawings. In which*. 

Pig 1 shows a portion of a waterproof barrier which embodies 
the Invention; 

Pig 2 Is a plan view showing the Interengagement of two 
elements of the barrier of Fig 1; 

Fig 3 Is a side view of the foot of one of the elements 
shown In Fig 2; 

Fig 4 Is a plan view showing the Interengagement of two 
elements of another barrier which embodies the Invention; 

Fig 5 Is a plan view showing the Interengagement of two 
elements of another barrier which embodies the Invention; 

Fig 6 Is a plan view showing the Interengagement of two 
elements of another barrier which embodies the Invention; 
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Fig 7 Is a plan view showing the Interengagement of two 
elements of another barrier which embodies the Invention; 

Pig 8 is a plan view showing the interengagement of two 
elements of another barrier which embodies the invention; 

Pig 9 is a plan view showing the interengagement of two 
elements of a barrier which does not embody the invention, 
but which Is Included for illustrative purposes; 

Pig 10 Is a plan view showing the interengagement of two 
elements of another barrier which does not embody the 
Invention, but which Is included for Illustrative purposes; 

Pig 11 is a plan view showing the interengagement of two 
elements of another barrier which embodies the invention; 

Pig 12 Is a plan view showing the Interengagement of two 
elements of another barrier which embodies the Invention; 

Pig 13 Is a plan view showing the interengagement of two 
elements of another barrier which embodies the invention; 

Pig 14 is a plan view showing the interengagement of two 
elements of another barrier which embodies the invention; 

Pig 15 is a plan view showing the interengagement of two 



G BQ02228760fnie://i:\01\090\01-09Q.006\01-090.006XX\GB002228760.CDC l 



Pa qe 14 of 40 



i 

- 8 - 

elements of another barrier which embodies the invention; 

Pig 16 is a plan view shoving the interengagement of two 
elements of another barrier which embodies the Invention; 

Pig 17 is a plan view showing the Interengagement of two 
elements of another barrier which embodies the invention. 

The barriers shown in the accompanying drawings and 
described below are merely examples. It should be noted 
that the scope of the invention is defined by the 
accompanying claims, and not necessarily by specific 
features of exemplary embodiments. 

A barrier 2 comprises many sheet piling elements 3, some of 
which are shown in Fig 1« Each element comprises a length 
of sheet steel of uniform cross-sectional shape. The 
conventional method by which such strips are manufactured is 
by a rolling operation, wherein the strips are passed 
between a series of rollers to produce the desired finished 
cross-sectional shape; and this conventional method may be 
employed also in the invention, to produce the required edge 
forms . 

All the elements 3 have the same cross-section, which 
Includes a central portion 4, in which the steel is somewhat 
angled to provide resistance to buckling while the element 
is being hammered into the ground, and to resist sideways 
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distortion In the event that a pressure differential 
develops across the barrier. 

The cross-section of the element also Includes left and 
right edge forms 5,6. 

Pig 2 shows a close-up view of the left edge form 5 of a 
junior element 8 of the barrier, together with the right 
edge form 6 of a senior element 7 of the barrier. The left 
edge form 5 is such as to form almost a complete enclosure 
or encirclement. The left edge form 5 Is not quite a 
complete enclosure however, in that a gap 10 is left between 
the end face 14 of the edge form and the facing surface 
12. 

The gap 10 Is filled, thus finally completing the 
encirclement 9, by a tag 16 provided as part of the right 
edge form 6. In fact, the gap 10 Is smaller than the 
thickness of the material of the tag 16, so that the left 
edge form 5 tightly grips the tag 16 and thus the right edge 
form 6, during asssenbly of the elements, and afterwards. 

AS may be seen from Pig 2, a potential leak path exists, by 
which fluid on the front side of the barrier might leak 
through to the back side of the barrier. This potential 
leak path may be regarded as divided Into two components: a 
back leak path 17, having an entry mouth 17y and an exit 
mouth 17X; and a front leak path 18, having an entry mouth 
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18Y and an exit mouth 18X. (The entry mouth o£ a leak path 
is that mouth of the leak path that opens into the 
. enclosure • ) 

The entry mouths ITY^lBY of the front and back leak paths 
17^18 are spaced apart clrcumferentlally around the 
enclosure 9. The distance of the spacing, as may be seen 
from Fig 2, is equal to the thickness of the tag 16* 

When installing the barrier^ the elements are hammered 
downwards one after another, by a pile-driver. The senior 
and junior elements are so termed because the senior is 
driven in before the junior. In driving the piles of the 
Invention, the conventional practice may be followed, of 
driving all the elements in the barrier in gradual 
progressive sequence, a little at a time. 

When the senior element 7 has been fully driven, the space 
inside the right edge form 6 (which is to be occupied by the 
left edge form 5 of the junior element) would be now full of 
soil or gravel, and whatever other constituents are present 
In the ground. If precautions were not taken. 

The left edge form of the junior element 8 is provided at 
its foot with a scraper 19, the purpose of which Is to sweep 
the soli etc from the Inside of the right edge form 6 of the 
senior element 7. Fig 3 shows the foot of the left edge of 
the junior element 8. The left edge form 5 has been cut 
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away at an angle, and the ecraper 19 Is welded In place onto 
the sloping face 20. The dot-dash lines in Fig 2 Indicate 
the outline of the scraper 19. (Similar dot -dash lines in 
the other drawings indicate corresponding scrapers.) 

To Install the barrier, the right edge form 6 of the senior 
element 7 is engaged with the left edge form 5 of the junior 
element 8, and driving commences. As the junior element 8 
is driven downwards, the scraper 19 sweeps the soil out from 
inside the right edge form 6 of the senior element 7. . The 
cleaned-out space thus created then is occupied by the left 
edge form 5 of the Junior element 8* 

When both the senior 7 and junior 8 elements have been 
installed, the circumference of the encirclement or 
enclosure 9 is complete, and the hole 90 Inside the 
enclosure is substantially cleaned out. 

The hole 90 is to be filled with sealant. Before the 
sealant material can be inserted into the hole, the hole 
should be cleaned out. Accordingly, the next stage is that 
a hose or pipe is passed into the hole 90, and a jet of 
water is used to flush any remaining soil particles out of 
the hole. The hose or pipe should therefore be 
substantially smaller than the hole, to allow the dirt 
particles to travel past the hose, and out of the hole. The 
scraper 19 of course cannot be expected to sweep the space 
within the senior edge form 5 completely clean; but it is 
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recognised that any particles not removed by the scraper 
will be small enough to be removed without trouble by the 
hosing operation. 

The space within the hole, around the hose, should not be 
too large, because the particles are being removed by the 
upward velocity of the escaping water, and the particles 
might settle If that velocity were small. 

When the hose has been passed right to the bottom of the 
hole 90, and when the water escaping from the top of the 
hole is running reasonably clean, the flushing operation Is 
complete, and the hose may be removed from the hole, leaving 
the hole full of clear water. (It Is sometimes advantageous 
to reverse the action of the hose, le to pour water Into the 
hole around the hose pipe, and to draw the water out of the 
hole up through the hose pipe.) 

Next, a tube for the Injection of sealant Is Inserted Into 
the hole 90. When the tube has reached right to the bottom 
of the hole, sealant Injection commences, and the tube Is 
withdrawn progressively up the hole as the sealant fills the 
space below. 

It Is contemplated that the flushing hose and the injection 
tube might be inserted into the hole at the same time. Thus 
the sealant would be Injected from the mouth of the 
injection tube: the mouth of the flushing hose would be 
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above the mouth of the injection tube, and water wouW be 
flushed therefrom In such a manner as to keep the annulus 
around the tube clear, as the two are gradually drawn up to 
the surface. 

The speed at which the sealant Injection tube Is withdrawn 
Is Important t If the tube Is withdrawn too quickly, not 
enough sealant will be left In the hole, and the barrier may 
leak; if the tube Is withdrawn too slowly, sealant may start 
to enter the space above the bottom of the Injection tube, 
thus preventing the water In the hole from escaping, and 
perhaps trapping water bubbles within the sealant. 

The kind of barrier with which the Invention Is concerned 
may be required to remain sealed for centuries, and It Is 
Important that the Integrity of the seal Is assured. Once 
sealant has been placed In the hole 90, It would generally 
be very difficult and expensive to replace It. 

on the other hand, depending on the degree of security 
required, the nature of the contaminant, and other 
parameters. It mdy be preferred to use a sealant of the type 
that can be replaced, and to Institute a policy of replacing 
the seal periodically. 

The purpose of the sealant material is to fill the hole 90 
within the enclosure 9, and then to penetrate and seal off 
the leak paths 17,18. At the time when It Is penetrating 
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the leak paths, the sealant needs to be under pressure, to 
force it into the tight, narrow, leak paths. To obtain the 
required pressure, the sealant material may be injected 
under pressure, or the sealant material may be of the kind 
that expands upon coming Into contact with water. 

Some sealant materials swell (slowly) when saturated with 
waters these are easy to inject properly, because the 
sealant material remains substantially loose in the hole for 
some time after the injection tube has been withdrawn. 
Later, the material swells, and penetrates the potential 
leak paths. One problem with the use of water-expanding 
materials is that there is not much water available in the 
hole 90. 

Other materials expand immediately upon leaving the end of 
the injection tube, and these require much more care during 
injection. 

some sealant materials are in the form of two or more 
components, which, when mixed, produce a foam. These 
materials, though expensive, are useful in the Invention, 
especially if the foaming reaction time can be delayed long 
enough for the injection tube to be out of the hole before 
foaming starts. 

m selecting the type of sealant, the designer should assess 
the following aspects of performances that the sealant is 
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capable of penetrating Into the potential leak paths; that 
the sealant will expand after emplacement; that the sealant 
has a low permeability to water; and usually that the 
sealant will bond readily to the steel of the pile elements. 

The 8l«e of the hole 90 Is invortant. First, the hole must 
be large enough to accept the flushing hose and the 
Injection tube. Typically, the hose and tube will be of 
nominally half-Inch (12.7mm) Internal diameter, such tubing 
being typically 18 mm outside diameter. The Inscribed 
circle 21 (shown as a dotted line In Fig 2) Inside the hole 
90 therefore should be at least 18 mm diameter, and 
preferably should be a margin of tolerance greater than 
that . 

In fact, the size of the hole 90 should be larger still, to 
allow fluids Inside the hole easily to flow upwards and out 
of the hole when the hose pipe is in place down the hole. 
Preferably, the cross-sectional area of the hole available 
for upward flow, le the cross-sectional area of the hole 
minus the cross-sectional area occupied by the hose, should 
be at least as great as the cross-sectional area of the bore 
of the hose. 

Thus, a half-Inch bore has a cross-sectional area of 127 sq 
mm, and its outer diameter occupies a cross-sectional area 
of 255 sq mm. Therefore, the hole 90 should have a 
cross-sectional area of 382 sq mm, or more. If It Is to 
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properly accommodate a half -inch hose. 

On the other hand, the cross-sectional area o£ the hole 90 
should not be too large. If the hole were large In relation 
to the hose, water from the hose would flow only alowly up 
the hole, which might hinder the effectiveness of the 
flushing operation. Also, the larger the hole, the more 
(expensive) sealant Is needed to fill it. 

Thus, the preferred upper limit on the cross-sectional area 
of the hole would be around 450 or 500 sq mm, for a 
half-inch hose. The cross-sectional shape of the enclosure 
need not be circular, and a perusal of the drawings will 
show that the enclosure in fact is not circular. 

When the hole has been correctly sized to accommodate the 
flushing hose, it may be found that the hole is rather too 
large for the pipe through which the sealant material is to 
be injected. In this case, sealant emerging from the bottom 
of the pipe could easily flow upwards. Into the annulus 
surrounding the sealant injection pipe. To prevent this, 
and to allow the • Injected sealant to be placed under 
pressure, a collar may be fitted to the bottom of the 
Injection pipe, which fills or almost fills the hole 90. 

If the hose and tube were smaller than the half-inch size 
mentioned, the edge forms 5,6 of the elements would also 
have to be smaller, le the edge forms would have to be bent 
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Into tighter shapes. The operation of rolling the material 
into tighter curves would not be so practicable, especially 
when the elements are of thicker steel. 

The thicker materials are used In pile-driven barriers which 
have to be driven deeper, or which have to sustain large 
side-thrusts, for example when the barrier Is used to 
prevent a river bank from collapsing. Plle-drlvcn barriers 
have not generally been used for the purpose simply of 
sealing off an area of contaminated ground, ^ere there Is 
no real requirement for side-thrust capability. It may 
therefore be in some cases that the elements for a water- 
proof barrier may be of a thinner steel than has been 
required for conventional side -thrust-supporting barriers. 
In those cases, the edge forms may be bent to more Intricate 
shapes, and smaller hoses and tubes may be used. 

on the other hand again, the elements do have to be 
plle-drlven Into the ground, and the elements must be robust 
enough to stand up to the driving treatment. This aspect 
Indicates that although a thinner element may be 
theoretically possible In some cases from the standpoint of 
supporting only light side-thrusts when Installed, the 
thinner element cannot after all be permitted, because of 
the reduced drlve-ablllty of the thin element, especially If 
the ground contains cobbles or other non-homogeneltles that 
might Interfere with the driving operation. In this case, 
insofar as hose size Is dictated by the thickness, and hence 
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the bend-ablllty, o£ the steel. It will probably be found 
that the dimensions adapted for half -Inch hose once again 
would apply. 

In other words, the flushing hose and Iniectlon tube will 
generally be of the half-inch size, for operational reasons, 
and It Is recognized that the conventional range of 
thicknesses of steel from which plle-drlven elements are 
made can be readily bent to the tightness required to 
accommodate the half-Inch size. It Is not an essential 
feature of the Invention, however, that the hose be of the 
said nominal half-Inch size. 

It is Important that the mechanical shape and size of the 
enclosure 9 be maintained accurately throughout the driving 
operation; and later. In service. 

It may be noted from a perusal of Pig 2 that the Junior 8 
and senior 7 elements are locked against movement relative 
to each other, both In the left/right sense, and In the 
front/back sense. It Is Important, In the Invention, that 
this degree of constraint, even If the actual shapes of the 
edge forms are not those shown In Fig 2, be always present. 
If the elements were allowed to move relative to each other 
during driving, such that the encirclement or enclosure 9 
might become larger or smaller, the Integrity of the seal 
between the elements could not be relied on. 
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When the edge forms are as shown at 5,6 in Pig 2, the 
overlapping and Interlocking Interaction of the senior 7 and 
junior 8 elements, which leads to the creation of the 
encirclement or enclosure 9, also provides the required 
degree of guiding constraint between the elements to 
guarantee that the enclosure 9 remains always of the same 
shape and size. 

The arrangement of Pig 4 is an example of an arrangement 
that is equivalent to that of Fig 2, for the purposes of the 
invention. The double bend, though more difficult to roll, 
adds worthwhile strength and robustness to the element. 

However; It Is not essential that the part of the 
interlocking structure that produces the guiding constraint, 
and the part of the Interlocking structure that produces the 
enclosure, should be one and the same. 

The addition of a welded-on guide bar of course increases 
the cost Of the element, but In some cases the extra expense 
may be more than recouped In the Increased flexibility In 
the design of the enclosure. Ways In which a welded-on bar 
nay be used are Illustrated In Pigs 6 and 7. The guide bar 
30,38 need only be tacked onto the element at such Intervals 
as win give adequate mechanical strength; the guide bar 
need not be Itself sealed to the element. 

Vhen the edge forms of the elements are arranged as In Pig 
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8, for example, the elements are so guided as to prevent 
relative movement In the front/bacK sense, and In the 
left/right sense. In Pig 8, as Indeed In the rest of the 
drawings (apart from Pig 9), the elements cannot move 
relatively, neither so as to open the hole 90, nor so as to 
close the hole. 

In the example shown In Fig 9, on the other hand. It will be 
noted that a mode of relative movement between the elements 
40,48 has been permitted, which could lead to the hole 99 
becoming smaller. Therefore, the arrangement of Pig 9 Is 
outside the Invention. 

Another problem with the Pig 9 arrangement, apart from the 
fact that the elements are not properly guided relatively, 
lies In the fact that the edge form Includes a re-entrant 
bend, at 49. Such a formation can make it difficult, during 
rolling, for the element to release from the rollers, and 
adds greatly to the expenses of manufacture. The tighter 
the bend 49, the more this problem arises. 

It Is recognized In the Invention that the encirclement or 
enclosure should not be provided entirely In one of the 
elements, but Instead the encirclement should not be 
complete until both elements are brought together. Thus the 
arrangement shown In Pig 10 Is outside the Invention, 
because the encirclement 50 Is, In substance, complete 
without the presence of the senior element 56. It will be 
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observed that In Pig 10 a leak path 57X,57Y exists, which 
does not communicate with the enclosure 50, and therefore 
this leak path will not be sealed by the sealant Injected 
into the hole. 99. In the Invention, the mouths of both the 
back leak path and of the front leak path open into the 
enclosure, so that both leak paths are accessible to sealant 
inserted into the hole. 

in the arrangements described thus far, the leak paths have 
been the tight, narrow, tortuous paths that exist between 
two metal surfaces that are pressed together in directly 
contacting abutment. Pig H shows an arrangement In which 
the front leak path 60X,60y Is wide open. 

in the Fig 11 example, when the sealant Is Injected Into the 
hole, the sealant will tend to dissipate Itself through this 
wide open leak path 60. However, depending on the nature of 
the surrounding soil, the amount of dissipation of the 
sealant Into the soli may be acceptable, and thus the Fig 11 
example should be regarded as being within the broad scope 
of the invention. 

Particularly In cases where the soil material is coherent, 
and therefore the soli tends to contain the sealant, and the 
soil does not tend to crumble In through any gaps, the 
potential leak paths need not be so tight. Generally, 
though, in the invention. It is preferred that the leak 
paths be not wide open, but that the metal Interfaces at the 
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leak path be pressed directly together, tightly and 
resiliently. 

It 18 also preferred that the metal surfaces at the 
Interface be pressed together over a substantial length of 
engagement. In the arrangement of Fig 12, for example, the 
metal surfaces only contact each other at a small point* 
The leak path 70X,70y In that case Is constituted by only a 
very short length of engagement, and It can happen that 
sealant might easily escape out through the gap, at any 
small flaw In the engaging surfaces* If that happens, a 
pressure might not develop In the sealant in the 
neighborhood of such a gap, and this lack of available 
pressure would roarr the reliability of the penetration of 
the sealant Into the other leak path 76X,76Y* 

Therefore, In the invention, it is preferred as a general 
rule that the front and back leak paths should both be as 
tight, as long, and as resistant to the through-flow of 
sealant as possible, so that sealant pressure may be 
developed within the enclosure. The greater the pressure in 
the sealant, the greater the force available to squeeze the 
sealant Into the nooks and crannies that inevitably exist at 
the interface between two pressed-together metal surfaces. 

In many of the arrangements Illustrated in the drawings, it 
does not matter which is the senior section, and which the 
junior. It should be noted that the scraper is attached to 
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the junior section, and should be arranged so as to sweep 
out the soli etc that has accumulated Inside the edge form 
o£ the senior element. In selecting which element is to be 
the senior, le which element Is to be driven first. It 
should be borne In mind that the opening In the edge form of 
the senior, through which the swept soil Is to be ejected, 
should be wide open. It should aliso be noted that the 
scraper needs to be welded onto the bottom of the edge form 
over a substantial portion of the edge form, and not Just 
over a small portion of the form. 

in Pig 2, for example. If the right element 8 were to be 
made the senior, and the left element 7 the Junior (le If 
the element 8 were to be driven In first) the scraper would 
have to be welded to the edge form 6. Therefore, the 
scraper would have to be welded to the tag 16, since the tag 
16 is the only portion of the now-Junior edge form 6 that 
has access to the Inside of the now-senior edge form 5. 
squally, in that case, the soli etc contained Inside the 
edge form 6 would have to be swept out through the 
relatively narrow space of the gap 10. Thus It Is Important 
In Fig 2 that the senior/Junior choice be as first 
described. 

In the arrangement of e.g. Fig 8, on the other hand. It 
makes little difference which element is the senior and 
which the Junior. It Is essential, though, that the scraper 
be attached to whichever of the edge forms Is selected as 



the junior. 

In the invention^ as mentioned. It i» essential that an 
enclosure or encirclement be created by the inter -engagement 
of adjoining elements; and it is essential that all 
potential leak paths from the front to the back of the 
barrier should communicate with this enclosure, so that, 
when sealant is injected into the enclosure, the sealant 
seals off the leak paths. 

It is also essential that the elements be provided with a 
mechanical guiding and locating means whereby the adjoining 
elements are prevented from encroaching or separating with 
respect to each other. This ensures that the enclosures are 
maintained dimenslonally constant over the whole engaged 
height of the elements. 

However, whilst it is essential that a mechanical guiding 
and location means be provided, it is not essential that the 
bent and folded components of the edge formations should 
necessarily be the sole constituents of that means. 

Pig 16 shows an arrangement wherein the rolled and bent edge 
forms 80,81 are simply hooks,, which, when engaged together, 
serve to guide and locate the elements by preventing the 
elements 7,8 from encroaching or separating with respect to 
each other. The encirclement or enclosure 83, as required 
In the invention^ in this case is completed by an added-on 
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L-shaped steel section 64, which is welded to the element 8. 

In Pig 16, the front leak path 85X,85y is the tortuous path 
between the two hook shapes. There are two potential back 
leak paths, designated 86X,86y and 87X,87Y. (The welding 
indicated at 89 is not continuous but i? just tacked a't 
intervals.) Sealant injected into the enclosure 83 is able 
to seal off all the potential leak paths, however. 

In Fig 16, the rolled and bent edge formations only comprise 
the mechanical guide means, not the enclosure. In Fig 17, 
by contrast, the rolled and bent over edges comprise only 
the enclosure, not the mechanical guide means. 

In some barriers, it can be important that articulation of 
the elements can take place, for example when the 
containment zone created by the barrier has to follow a 
curved outline. Some of the embodiments shown in the 
drawings do not permit such articulation; Fig 14, for 
example. In Fig 12, on the other hand, several degrees of 
articulation movement could be accommodated, without the 
dimensions and shape of the enclosure becoming distorted. 
The manner in which the elements engage must be such that 
even if articulation does take place, the size and shape of 
the enclosure are not substantially affected thereby. 

TO lessen the resistance to articulation, the inter-engaging 
hooks, and other shapes as described, may be provided with 
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note clearance or looseness than that indicated In the 
drawings . 

The drawings (including those not specifically referred to) 
are presented so as to show many examples of shapes of the 
edge forms that may be employed in accordance with the 
invention. Some general principles may be noted in relation 
to the examples. 

It is preferable that the senior edge form should have a 
large gap in its circumference, le that the senior edge form 
should not constitute so much of the circumference of the 
final enclosure as to prevent the dirt from escaping. Any 
dirt swept out of the senior, by the scraper attached to the 
Junior, passes out through whatever circumferential gap is 
present in the senior. It is preferable therefore that the 
circumference of the hole 90 should, be constituted not 
almost wholly by the senior but that a substantial portion 
of the circumference of the hole should be constituted by 
the junior. 

As regards the angle at which the scraper is set, it Is 
important that the foot of the element should not be cut off 
at such an angle that corners of the web might be left that 
would be exposed and vulnerable to damage during piling. In 
Pig 3, the slope of the cut Is from left to right; the slope 
should not be from right to left in that view. The angle at 
which the scraper is set preferably should be such that the 
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top of the scraper lies towards the centre of the 
circumferential gap In the senior, ie the gap through which 
the ejected dirt is to pass. 

AS may be seen from Pig 3, the topmost point of the scraper 
is that marked 91 in Fig 2, towards the extreme left of the 
edge form 5; the gap 92 in the right edge form 6, through 
which the scraped out dirt Is to escape, however, faces the 
back (top In Pig 2) of the barrier. It would be preferable 
if the topmmost point 91 of the scraper were to be aligned 
exactly with the gap 92; but It Is recognised that In fact 
exact alignment Is not required. The topmost point on the 
scraper should not, however, be so far out of alignment as 
to be, for example, dlametrlcaly opposite the gap. 

The scraper Is of course vulnerable to being damaged during 
driving, being at the foot of the element. Therefore the 
scraper should be attached to the edge form 5 over as much 
of its circumference as possible. Thus In Pig 2 the scraper 
is welded over at least 3/4 of its circumference, which is 
very strong. The scrapers In Figs 4,5,7,11,12,13,15,16 are 
also good from this standpoint. The scrapers in Pigs 6,6,14 
are, however, less robustly attached. 

It will generally always be preferable to have the topmost 
point on the scraper towards the left of the left edge form 
(with the left/right orientation as shown in the drawings). 
The angle of the cut-off or chamfer plane 20 as is shown In 
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Pig 3 Is convenient to manufacture and leaves no vulnerable 
exposed ends which might be bent aside during driving. The 
restriction should be borne in mind, though/ that if the 
topmost point of the scraper is at its extreme left, the gap 
In the senior edge form should not face directly towards the 
right. In almost all the drawings the gap In the senior 
edge form faces, at least to some extent, to the left. Only 
in Fig 16 does the gap In the senior edge form face to the 
right; but In Pig 16 the gap Is so wide — being in fact 
approximately 3/4 of the total circumference of the 
enclosure — - that there will be little problem of the 
scraped dirt being deflected aside, whatever the angle of 
the scraper. 

Another aspect to be considered In the layout of the edge 
forms Is that of the circumferential length of each of the 
elements that Is exposed to the sealant. Preferably, each 
element should have a long length exposed to the sealant, so 
that the sealant has a good opportunity to adhere to both 
elements. 

In the case where the barrier Is to fully encircle a 
contaminated area of ground, the final element of the 
barrier to be driven will have to engage with the edge forms 
of two other elements. It Is an advantage In that case If 
the layout of the edge forms be chosen from the standpoint 
that the senior/ junior roles be Interchangeable. 
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It will be appreciated that an element le either senior or 
junior only In relation to Its neighbours. In Fig 2 the 
element 8 Is junior to the element 1, but In turn the 
element 8 will be senior to the element (not shown) that 
will be placed Immediately to Its right. When the barrier 
forms a complete periphery, the last-Inserted element will 
be Junior to Its adjacent neighbours both to the left and to 
the right. 

It may be preferable In some barriers for the main elements 
of the barrier to be of thicker steel, and for these main 
elements to be Joined by coupling elements of thinner steel. 
The thinner material can be more easily rolled to 
tlghtly-radlused shapes. 

In some cases, it may be preferred that the barriers Include 
a sharp bend. In that case, a piling element nay be bent 
about a vertical axis, at the appropriate angle, for use at 
the bend. A rectangular encirclement may be achieved, for 
example, by setting four such elements, each with a right- 
angle bend, at the four corners. 

It may be noted that the barrier o£ the invention, although 
designed for use as a sealable barrier, in fact may be used 
as an ordinary unsealed barrier, simply by omitting to 
inject sealant Into the hole 90. The enclosure Is created 
simply by virtue of the shape In which the edge forms are 
rolled, and once the rollers exist for manufacturing those 
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edge forms, the forms can be used universally. 

If the barrier is not sealed, ie if sealant is not injected 
into the holes 90 (as a matter of policy at the time of 
installing the barrier) the holes 90 preferably should be 
protected. This can be done by plugging the tops of the 
holes. Then, the option is available to change the policy 
later, to remove the plugs and to inject sealant. 
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CLAIM 1. scalable barrier, suitable for in-ground use, 
wherein: 

the barrier includes barrier elements, each element 
comprising a length of sheet metal of uniform 
cross-sectional shape, the elements being arranged edge to 
edge; 

the elements are adapted to be driven Into the ground in . 
sequence, a senior one of the elements being driven ahead of 
an adjoining junior one of the elements; 

the cross-sectional shape of each element is provided with a 
left edge-form and a right edge-form; 

when the barrier is installed In the ground, the left 
edge-form of the senior element Is In operative engagement 
with the right edge-form of the adjoining Junior element; 

the said operatively engaging left and right edge-forms 
overlap and interlock together to form the circumference of 
an enclosure; 

one portion, termed the senior portion,. of the circumference 
of the enclosure is constituted by a portion of the right 
edge-form of the senior element, and another portion of the 
circumference of the enclosure, termed the Junior portion, 
is constituted by a portion of the left edge-form of the 



GB002228760rfiie://l:\01\090\01-090.006\01-090.006XX\GB002228760.cpc] 



Page 36 of AO 



( 

- 32 - 

Junior element, whereby potential leak paths are created 
between the said portions; 

each and every leak path starting £rom in front of the 
barrier and finishing behind the barrier is in communication 
with the said enclosure; 

the shape and size of the said enclosure is such that a 
circle inscribed within the enclosure has a substantial 
diameter; 

the inscribed circle is clear, in that no portion of the 
sheet metal of either element encroaches within the said 
inscribed circle; 

the barrier includes a means for maintaining uniform the 
size and shape of the said enclosure, both during driving 
and after; 

the barrier includes a scraper; 

the scraper is attached to the foot of the left edge form of 
the junior element; 

and the scraper is of such shape and dimensions as to 
occupy, substantially fully, the said enclosure ♦ 



CLAIM 2. Barrier of claim 1, wherein the said edge forms 
are formed entirely by rolling and bending the sheet metal 
comprising the elements. 



CLAIM 3. Barrier of claim 1, wherein the said Inscribing 
circle Is at least 18 mm In diameter. 

CLAIM 4. Barrier of claim X, wherein the Junior portion of 
the enclosure occupies at least 3/4 of the whole 
circumference of the enclosure. 

CLAIM 5. Barrier of claim 4, wherein the scraper Is welded 
firmly to the foot of the left edge form of the junior 
element over substantially the full extent of the junior 
portion. 

CLAIM 6. Barrier of claim 1, wherelni 

the senior portion of the enclosure occupies less than the 
whole circumference of the enclosure, whereby a gap Is 
present In the right edge form of the senior element; 



and the scraper Is so angled as to deflect soil, dirt, an 
the like In Its path out of the said gap, when the Junior 



element is driven relative to the senior element. 

CLAIM 7. Barrier of claim 1, wherein the scraper is placed 

at such an angle, at the £oot o£ the left edge form of the 

Junior element, that the topmost point of the scraper lies 

towards the extreme left of the said left edge form. 
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